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A B S T R A C T
This study was designed to determine the effects of an 8 week 
training program on muscle strength and cardiovascular 
fitness in participants affected with chronic obstructive 
pulmonary disease. Eight participants (ages 64-83) were 
evaluated before and after the training program on the basis 
of a modified 3-level step test, biceps curl strength, 6 
minute timed walk for distance, and grip strength.
Significant improvements were found in biceps curl strength 
(+12 repetitions, P<.05), 6 minute walk distance (P<.05), and 
in both stepping time and heart rate at each level in the 
modified step test (P<.05). No significant improvement was 
found in grip strength. These results suggest that a program 
of strengthening and conditioning exercises improves upper 
body strength and exercise tolerance in participants with 
COPD, which may have implications for performance of 
activities of daily living.
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CHAPTER 1
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is the 
most common cause of pulmonary disability in the United 
States today. It is estimated that approximately 16 million 
people suffer from this condition (Petty, 1990). In this 
country alone, COPD and its accompanying manifestations rank 
as the fifth leading cause of death (Petty, 1990).
COPD includes asthma, chronic bronchitis, and 
emphysema. COPD occurs because of chronic airflow 
obstruction, which means a permanent diminution of airflow to 
and from the lungs. This obstruction can be detected by 
measuring expiratory flow. The obstruction can occur in 
varying degrees and is usually accompanied by mucus 
hypersecretion (Thurlbeck, 1990).
The respiratory insufficiency that results from these 
diseases leads to disability and oftentimes death. Due to 
the unpleasant breathlessness that accompanies exercise and
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physical activity, patients adopt a coping mechanism which 
has been termed "disability spiral." Disability spiral is 
when patients perform fewer and fewer physical activities due 
to the breathlessness experienced. Because of the 
obstruction to the airflow and the accompanying functional 
loss of gas exchange, patients eventually adopt an even more 
sedentary lifestyle which further diminishes their functional 
reserve capacity. This disability spiral, in turn, results in 
increased breathlessness which can occur even when performing 
activities of daily living (Carter, Nicotra, LeMon, Zinkgraf, 
Williams, Peavier, Fields, Berry, 1988).
The dyspnea experienced by the COPD patient limits 
cardiorespiratory exercise tolerance. In a normal healthy 
person approximately 1 to 2% of the total oxygen consumption 
at rest is used to enable the lungs to function effectively 
as a respiratory pump. This value increases to 8 to 10% in a 
person with chronic airway obstruction (Stamford, 1991) . The 
metabolic cost of breathing also rises proportionately with 
the degree of obstruction (Stamford, 1991) .
It was not until the past decade that exercise was even 
considered in the treatment of patients with COPD. As long 
as an exercise program is tailored to the COPD patient ' s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
limitation, exercise has many positive effects (i.e. improved 
tolerance for any submaximal or maximal exercise effort, a 
reduced ventilatory demand at any given submaximal effort, 
improvement in performing physical activities of daily 
living, and a reduction in the number of days of 
hospitalization) (Carter et al., 1988). The above changes 
usually take place without any appreciable changes in 
pulmonary function (Carter et al., 1988)
Although numerous studies (Carter et al., 1988; Busch & 
McClements, 1988; Gift & Austin, 1992) have been done on 
various aspects of the effects of exercise on COPD, the 
literature is lacking in studies on the effects of exercise 
on the performance of activities of daily living and also on 
the changes in cardiorespiratory exercise endurance and 
muscular strength. Some studies (Dugan, Walker & Monroe, 
1995; McCartney, McKelvie, Haslam & Jones, 1991) claim that 
there is an increase in exercise capacity, while others claim 
(Belman & Kendregan, 1982; Reis, 1990) that exercise capacity 
remains unchanged or is decreased due to the severity of the 
disease or other factors. The purpose of this study was to 
determine if muscular strength and cardiorespiratory changes 
take place as a result of an 8-week training program in COPD
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
patients. The hypotheses was that a training program, which 
included a warm-up/stretching period, a cardiovascular 
period, and a cool-down period, as well as an extended 
walking component and a muscular strength portion, would 
result in increased exercise capacity and muscular strength 
without significant changes in pulmonary function.
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CHAPTER 2
REVIEW OF RELEVANT LITERATURE
Historically, exercise has been recognized as part of a 
healthy life-style. In the fifth century B.C., the Greek 
physician Hippocrates wrote "All parts of the body which have 
a function, if used in moderation and exercised in labors in 
which each is accustomed, become thereby healthy, well- 
developed, and age more slowly. But, if left unused they 
become liable to disease, defective in growth and age 
quickly" (Neil, 1993).
Exercise for pulmonary rehabilitation can be traced 
back, in one form or another, prior to the pre chemotherapy 
era and before the treatment of tuberculosis (Petty, 1994; 
Petty & Casabury, 1993). Pulmonary rehabilitation in its 
most simple form began in 1895 when Charles Dennison moved to 
Colorado to initiate a method called "climate therapy". This 
therapeutic approach applied the principles of fresh air, a 
nutritious diet, and sunshine at a high altitude. As a
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result of this approach, patients recovered to a certain 
degree. However, they were still severely limited by dyspnea 
upon exertion (Petty, 1994, Petty & Casaburi, 1993). Later, 
Dennison found that this response could be altered by 
exercise training, and COPD patients were able to be more
active with less dyspnea (Petty, 1994).
By the 20th century, many physicians took a
conservative approach to exercise in severe COPD patients
(Belman 1995). Exercise was considered to be harmful to the 
COPD patient because it resulted in breathlessness. At that 
time, exercise was considered harmful to the COPD patient 
because exertion, resulting from exercise training, resulted 
in breathlessness. Albert Barach was an early founder of 
pulmonary medicine and was an advocate of exercise. Barach 
found that "exercise tolerance" could be improved as a result 
of diaphragmatic breathing training (i.e. ventilatory muscle 
training) and especially through pursed lip breathing. These 
breathing techniques improved exercise tolerance by slowing 
the respiratory rate, and therefore, allowing more time for 
the oxygen-rich blood to be in contact with the alveoli, and 
also by maintaining positive pressure in the airways (Petty & 
Casaburi, 1993; Barach, 1955).
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Barach also made significant contributions to the field 
of pulmonary rehabilitation as a result of his own suffering 
with tuberculosis. His treatment regimen consisted of the 
"standard" bed rest, inactivity, a good diet and exposure to 
fresh air (Petty & Casaburi, 1993). As a result of Barach's 
boredom with this treatment regimen, he requested permission 
from his physician to return to his medical studies. As a 
medical student, Barach had to carry heavy textbooks but 
found that in time that carrying this heavy load did not 
exhaust him. From this observation, he concluded that 
physical activity resulted in body weight gain and a general 
feeling of overall well-being, indicating that exercise was 
beneficial to the COPD patient (Petty & Casaburi, 1993).
Chronic obstructive pulmonary disease (COPD) is defined 
as "the permanent diminution of airflow usually assessed by 
tests of expiratory airflow, most often Fev^ q (maximum amount 
of air that can be exhaled in one second)" (Thurlbeck, 1990). 
Expiratory flow obstruction is the primary pathophysiology 
behind alveolar wall destruction and bronchiolar narrowing 
which is characteristic of COPD (Belman, 1995). Flow 
limitation during expiration occurs the majority of the time 
even at low levels of exercise. In patients with more severe
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
disease, flow limitation, can occur even at rest (Belman,
1995) .
During inspiration, negative pleural pressure is 
created which pulls the airways open expanding the alveoli 
and thus inspiration occurs when the pressure in the lungs is 
reduced below atmospheric pressure (Powers & Howley, 1990) . 
During expiration, the process is reversed and air is 
expelled when intrapulmonary pressure is increased above 
atmospheric pressure (Powers & Howley,1990). In airway 
obstruction, expiration is more difficult because of the 
prolonged expiratory phase in addition to an increased 
breathing frequency, which ultimately results in dynamic 
hyperinflation of the lungs and an increase in end expiratory 
volume. Since the respiratory system fails to reach its 
relaxation volume, due to the increase in end expiratory 
volume, the respiratory muscles must generate enough strength 
to overcome the recoil pressure of the lungs which further 
increases the work of breathing (Belman, 1995) .
Airflow limitation can result from only two things: 
pressure applied within the airways (due to the abnormal 
enlargement of the gas exchanging airspaces in addition to 
the destruction of the alveolar walls), and the resistance
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encountered due to airway narrowing (due to hyperreactivity 
of smooth muscle in airways (Thurlbeck, 1990). This 
ultimately results in the air becoming trapped within the 
airways and the oxygen cannot be delivered to the tissues. 
The two most common forms of COPD are chronic bronchitis and 
emphysema, although sometimes asthma is included (Thurlbeck,
1990).
Airflow obstruction is usually caused by inflammation 
of the mucous membranes, bronchi, bronchioles or the lung 
parenchyma (essential part of lung which is concerned with 
its function in contradistinction to its framework) (Taber, 
1959) . The mucus membranes respond to this inflammation by 
secreting excessive amounts of mucus. Due to the damage 
which is usually caused by tobacco smoke, the protective 
mechanisms of the lung (i.e. cilia and epithelium) are unable 
to clear the excess mucus effectively. The over-abundance of 
mucus causes thickening and hyperreactivity of the airways 
(Thurlbeck, 1990) . Another common feature is an increased 
amount of muscle which is caused by the overload placed upon 
the already stressed respiratory structures, and this is 
indicative of bronchial smooth muscle hyperreactivity.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Inflammation in the gas exchange portion of the lung in 
addition to reduced recoil pressure are thought to be the 
chief defects associated with emphysema (Thurlbeck, 1990) . 
These two deficits result in air becoming trapped within the 
alveoli which results in overstretching of the alveoli, as 
well as limitations in gas exchange between the alveoli and 
the pulmonary capillaries (Guyton, 1991) .
Chronic bronchitis is a disease of large airways which 
is reflected by an increase in the size of the bronchial 
mucous glands (Thurlbeck, 1990) . The increase in the size of 
the bronchial mucus glands causes the mucus hypersecretion 
which is characteristic of chronic bronchitis. The term 
"chronic" means the overproduction of mucus for more than 
three months per year for two or more consecutive years 
(Thurlbeck, 1990) . This problem was found to be especially 
prevalent in men and was found in some studies to affect 25% 
of the male subjects. Furthermore, chronic bronchitis 
affects approximately 90% of those affected with moderate to 
severe COPD (Thurlbeck, 1990).
It has been estimated that 30 million Americans are 
affected with some form of COPD (Reis, 1990) . Due to the 
large reserve lung volume, this figure is thought to be
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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underestimated because significant symptoms do not occur 
until advanced stages of the disease (Reis, 1990) . In 
someone affected with COPD who leads a sedentary lifestyle, 
60% of lung function can be lost before shortness of breath 
occurs (Make, 19 91). COPD is the 5th leading cause of death 
in the U.S. (Reis, 1990). From 1970-1980, deaths resulting 
from COPD have increased 60% (Reis, 1990).
Breathing becomes a major challenge in the COPD patient 
and creates fear and anxiety even at low levels of physical 
exertion (Stamford, 1991, Make, 1991, Gift & Austin, 1992, 
O'Donnell, Webb, McQuire, 1993). Due to the fear and anxiety 
resulting from the breathless that accompanies physical 
exertion, the COPD patient develops a protective mechanism 
called the "fear-dyspnea cycle". In the later stages of 
COPD, any type of physical activity oftentimes causes 
breathlessness. In order to avoid the fear and anxiety that 
accompanies the dyspnea brought on by physical activity, the 
COPD patient participates in fewer activities. This 
inactivity causes fitness levels to decline even further and 
ultimately there is difficulty in even performing activities 
of daily living without breathlessness (Gift & Austin, 1992,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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O'Donnell, Webb, McGuire, 1993; Swertz, Mostus & Waouter, 
1990b).
In order to promote an "active" lifestyle, exercise has 
been included as one of the primary components in a pulmonary 
rehabilitation program in an attempt to restore the highest 
level of independent function (Punzal, Ries, Kaplan, Prewitt,
1991) . Currently, there are few established guidelines for 
exercise training for people affected with COPD (Punzal et 
al-, 1991) . Exercise tolerance is most frequently limited by 
dyspnea, ventilatory function or pulmonary gas exchange or a 
combination of the later two; whereas, in normal individuals 
exercise tolerance is limited by the cardiovascular system 
(Belman, 1993) .
Presently, for those with breathing difficulties there 
is a great deal of controversy in selecting the appropriate 
training target heart rates for optimal cardiovascular 
benefits to take place. The use of submaximal heart rate 
(i.e. 60-80% of age-predicted heart rate maximum) has been 
advocated by some, while others have proposed that symptom- 
limited target heart rates, like those indicated on the Borg 
Dyspnea Scale, are most appropriate (Punzal et al., 1991).
The symptoms that result from exercise (i.e. breathlessness)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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enable those affected with COPD to become familiar with their 
physical working limitations and overall exercise capacity.
Even though COPD patients may be undergoing optimal 
drug therapy, aerobic exercise is highly recommended for 
those who still continue to suffer from breathlessness. 
(O'Donnell, Webb, McGuire, 1993). There is a consensus that 
"general" exercise programs, consisting of a warm-up, and 
cool-down, and particular emphasis placed on the aerobic 
component, produce positive outcomes (i.e. increased work 
output, gas exchange and mechanical efficiency) in COPD 
patients (Carter et al., 1988). It has been shown that 
regular exercise can improve a COPD patient's quality of life 
by building endurance, increasing the ability to perform 
activities and decreasing dyspnea (Make, 1991).
Furthermore, the same training responses (i.e. improved 
myocardial function and improved mechanical efficiency) that 
occur in healthy subjects also take place, only less 
consistently in those affected with COPD (O'Donnell et al., 
1993) .
The proportion of people reporting that their physical 
activity is limited by breathlessness as a result of their 
disease is 46% emphysema; 19% asthma; 3% chronic bronchitis
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(Petty & Casaburi, 1993) . However, according to Punzal et 
al., it has been found that those with severe lung disease 
who suffer from symptom limitation (i.e. reduced exercise 
tolerance with ventilatory limitation) can successfully train 
at a high percentage of maximum voluntary ventilation and 
still achieve increases in exercise performance without any 
adverse effects (Punzal et al., 1991) . When training at 
higher intensities, such as a specific percentage maximum 
voluntary ventilation or a specific percentage of the 
difference between the anaerobic threshold and VOg max, it 
is thought that maximal exercise tolerance can improve as a 
result of decreased carbon dioxide output and therefore a 
reduction in ventilatory stimulus as well as a reduction in 
lactate levels (Belman, 1993). Punzal et al. (1991) found 
that patients affected with severe COPD were not always able 
to reach their anaerobic threshold because of the reduction 
in exercise capacity. Casaburi and Petty (1991) compared a 
group of COPD patients training at a high intensity (i.e. 60% 
of the difference between the anaerobic threshold and Vo^ 
max) versus a group training at a low intensity (i.e. 90% of 
the level that the high intensity group) . The significant 
findings in this study were a reduction in peak Vj-o2 as well
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as a decrease in the maximal ventilatory equivalent for 
oxygen (Vg/Vog) in the high-intensity group. A significant 
difference was also shown in the high intensity group in the 
measurements of: Vg, Vgo2/ Vg/Vg;, a decrease in heart rate at 
comparable work rates, and a reduction in blood lactate. 
Although not statistically significant, a small difference 
was also seen in these same values in the low intensity group 
except for a significant reduction in blood lactate (10%). 
These findings indicate that a true aerobic training effect 
developed in the group exercising at the high intensity level 
(Casaburi & Petty, 1991).
The adaptations (i.e. increased exercise capacity and 
decreased breathlessness) which occur as a result of exercise 
training usually take place without any appreciable changes 
in pulmonary function (i.e. spirometric measures) or arterial 
blood gases (O'Donnell, et al., 1993, Punzal et al., 1991).
Carter et al. (1988) studied 59 patients during a 
short-term, 12 day, inpatient pulmonary rehabilitation 
program (30-40 minutes of aerobic exercise using treadmills 
and cycle ergometers, twice daily), and found that work 
output increased (from 53.5 watts to 70.9 watts); mean oxygen 
uptake increased (1122 ml/min to 1276 ml/min) ; and mechanical
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efficiency improved without significant changes in 
spirometric indices (i.e. FEV^, FVC, or FEV^/FVC ratio) . 
Patients also reported decreased shortness of breath and the 
changes found in exercise tolerance were not accompanied by 
any changes in pulmonary function (Carter et al., 1988; 
O'Donnell et al., 1993) . However, it has been hypothesized 
that possibly behavioral factors, such as desensitization to 
dyspnea and increased motivation contribute to the reduction 
in breathlessness (O'Donnell et al., 1993).
Cockcroft et al. (1981) studied 3 9 male patients 
diagnosed with COPD and coal workers pneumoconiosis.
Nineteen were assigned to a 6-week exercise training program 
which included activities such as swimming, walking, riding a 
cycle ergometer, and the rowing machine. After 6 weeks, the 
patients were given instructions to continue the walking 
program and stair-climbing exercises. The remaining 20 
patients were assigned to a control group and received no 
exercise advice. However, after a four month period these 20 
were allowed to begin the same 6-week exercise program. 
Thirty-four (34) patients completed the program (18 treatment 
group; 16 control group). The exercise group increased their 
12-minute walk distance by 23%; whereas, the control group
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(before they began the exercise program) increased their 12- 
minute walk distance by 8%. The exercise group also reported 
a subjective decrease in symptoms (i.e. dyspnea) . After 7 
months, the majority of the improvement was still maintained 
in the treatment group. However, after 4 months of 
participation in the exercise program by the control group, 
there was no longer a significant difference between the 
groups in the distance walked in the 12-minute walk 
(Cockcroft, Saunders & Berry, 1981).
Belman and Kendregan (1982) examined the effects of 6 
weeks (4 days per week) of arm exercise (8 patients trained 
their arms on an arm ergometer) versus leg exercise (7 
patients trained their legs on a cycle ergometer) on 
ventilatory muscle endurance. Initially, the workload was 
set at approximately one-third the maximal level achieved in 
the baseline incremental test (i.e. incremental arm and leg 
test on a cycle ergometer) . This preliminary workload was 
selected so that each patient could complete two 20-minute 
cycling bouts per day and then the workload was increased as 
tolerated by symptom limitations. The results of this study 
indicate that neither arm nor leg endurance training has an 
effect on ventilatory muscle endurance as measured by maximal
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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sustained ventilatory capacity (maximum minute ventilation 
that can be sustained for 15 minutes under isocapnic 
conditions) and V0 2- However, the training loads that could 
be sustained for 20 minutes increased in both the arm and the 
leg trainers indicating that exercise endurance can improve 
independently of changes in ventilatory muscle endurance 
(Belman & Kendregan, 1982) .
Punzal et al. (1991) had similar findings on 46 COPD 
patients, during an eight-week high intensity, symptom- 
limited, endurance exercise training program. During the 
first four weeks, the patients trained twice per day (one 
supervised session on treadmill and one walking at home at a 
pace that simulated their treadmill speed) . At this time, 
each patient's workload was set at a level that could be 
sustained for several minutes, and usually this was set just 
below the target workload that was selected for the initial 
endurance test. For the second four weeks, training took 
place only once per day. In order to assess progress (i.e. 
workload and duration of training sessions) of training 
sessions training diaries were collected at weeks 1, 4 and 8. 
After the 8-week rehabilitation program, there was an 
increase in treadmill work load, VOg max, and exercise
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endurance time. However, these changes took place without 
any improvement in lung function measurement (measured by 
M W ,  MIP and MEP) (Punzal et al.,1991) .
Reduced ventilatory lung function, which ultimately 
results in breathlessness, is a significant factor in 
limiting exercise tolerance (O'Donnell et al., 1993). COPD 
reduces Fev\ which is directly related to work capacity and 
is significantly reduced in COPD patients. Dugan et al.
(1995) studied 40 COPD patients and observed the effects of 
a 9-week exercise program, which emphasized aerobic and 
upper-extremity exercise, on maximal voluntary ventilation. 
Twenty men and twenty women were randomly distributed into 
the experimental group (9-week structured exercise and 
educational program) or the control (no physical activity 
other than normal daily activity) . The "experimental" group 
met three t^mes per week in either small groups or 
individually for exercise (treadmill, cycle ergometry, arm 
ergometry, and resistance training), and educational sessions 
(i.e. respiratory anatomy and physiology, disease states, 
stress management, breathing retraining, energy conservation 
and sexuality) . The experimental group exercised for 20 
minutes at a steady level in each mode of exercise (i.e.
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treadmill, cycle ergometer, arm ergometer, and resistance 
training) Patients were permitted to exercise at 50% of their 
maximal stress level, which was determined by evaluating 
their response (i.e. symptomatic and physiological end 
points) to the 6-minute walk test. M W  and 6-minute walk 
distance were significantly improved in the experimental 
group, but were not changed in the control group. The 
increase in M W  that occurred as a result of exercise therapy 
suggests that there was an increase in strength and exercise 
endurance of the respiratory muscles, thereby increasing M W  
(Dugan et al., 1995).
O'Donnell conducted an eight-week training program on 
23 older COPD patients who participated in a multi-modality 
aerobic exercise program, which also resulted in a 
significant decrease in breathlessness (measured by Borg 
Dyspnea Index, Medical Research Council Scale, and the Oxygen 
Cost Diagram) and an increase in exercise capacity as 
measured by 6-minute walking distance (i.e. 64 meters ±  10 
meters) and total work done on a cycle ergometer (i.e. cycle 
endurance time) (O'Donnell et al., 1993).
A study done by Weiner et al. (1992) measured the 
difference between a program of general exercise
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reconditioning alone and general exercise reconditioning 
combined with specific inspiratory muscle training. General 
exercise reconditioning alone (i.e. cycle ergometer, rowing 
machine) has been shown to increase exercise tolerance but 
not the performance of the respiratory muscles, which 
according to the literature can be trained for strength and 
endurance (Perres, McClean, Woolf & Zamel, 1979; Keens, 
Drastins, Wannamaker, Levison, Crozier & Bryan, 1977). The 
objective of this study was to examine if the addition of 
specific inspiratory muscle training had an effect on 
inspiratory muscle strength, endurance and exercise 
performance in COPD patients. After 6 months (1 hour, 3 
times per week) of training, there was a greater increase in 
endurance time in the group that did the specific inspiratory 
muscle training and the general exercise reconditioning as 
opposed to the group who did the exercise reconditioning 
alone (i.e. 5 minutes to 12 minutes in general exercise 
reconditioning and specific inspiratory muscle trained group 
VS. 5 minutes to 10 minutes in general exercise 
reconditioning group) (Weiner, Azgad, Ganam, 1992).
Casaburi (1993) summarized 37 reports on exercise 
tolerance and COPD dating back to 1991. It was found that
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933 patients, with an average initial Fevl of l.l L showed an 
improvement in exercise tolerance, despite the variability in 
program length, training frequency, duration and type of
exercise.
Swerts, Leonardus, Dretzers, Terpstra-Lindmen,
Verstappen and Wouters (1990a) examined a short and long 
term outcome of exercise reconditioning on 27 COPD patients. 
All patients initially participated in an exercise program 
for 8 weeks, which included walking for 30 minutes at a self- 
selected pace, 15 minutes of cycle ergometric training at 
steady-state conditions (i.e. between 50% and 70% of age- 
predicted maximum heart rate), 30 minutes of physical 
therapy, and 3 0 minutes of relaxation therapy. After the 8 
weeks, the patients were separated into two groups. Group A 
continued the training program for an additional 12 weeks and 
Group B was discharged from the program and received written 
instructions for the continuation of the exercise training at 
home. Exercise tolerance, as measured by 12-minute walking 
distance, was increased in both groups after the initial 8- 
weeks (i.e. 784m to 848m). Furthermore, the increase in 
exercise tolerance in group A continued even at one-year 
follow up. In group B, there was a steady decline in
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exercise tolerance at one-year follow u p . It was 
hypothesized that even though an initial training effect took 
place there may be a lack of motivation to continue 
exercising, and supervised training program must be continued 
in order to solidify the obtained training effects (Swerts et 
al., 1990).
Busch and McClements (1988) evaluated, 20 patients on 
the effects of a home exercise program on physical work 
capacity and dyspnea during activities of daily living 
(ADL's) in patients with severe COPD. The home exercise 
group (7 subjects) did daily mobility exercises which 
included thoracic mobility exercises consisting of trunk 
flexion and extension, shoulder girdle circumduction, and 
trunk-side flexion. Also included were trunk muscle 
strengthening exercises and endurance exercises (stair­
stepping or walking) at a minimum of 5 days per week for 18 
weeks. The control group was instructed not to change their 
activity level or their general lifestyle. Using a 
progressive cycle ergometer test, the results showed that the 
physical work capacity increased by 3% (179 J) in the 
exercise group but decreased by 28% in the control group.
The Symptom Limited Multistage Step Test indicated that both
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groups improved over time, but the difference was not 
significant and could not be attributed to the home exercise 
program (Busch & McClements, 1988) .
Benefits derived as a result of exercise training are 
specific to the muscle groups trained; therefore, exercise 
evaluation should include muscle groups involved in the 
training program (Weiner, et al., 1992). Presently most 
exercise programs include lower-extremity training (i.e. 
walking and stair-climbing) , because these are activities 
that can be easily incorporated into a home setting. Fairly 
simple tests are used to evaluate exercise training, such as 
the Master's Step Test or timed walking distance (i.e. 6 or 
12 minute walk test) or treadmill and cycle endurance times.
These tests are very functional in that they do not require 
sophisticated equipment and yet they evaluate limiting 
symptoms and exercise tolerance (Belman, 1993, O'Donnell et 
al., 1993).
Patients with COPD report increased dyspnea with 
activities of daily living (ADL's) involving the upper 
extremities, such as lifting and grooming at much lower 
workloads than those involving the lower extremities (Reis, 
Ellis, Hawkins, 1988).
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Presently there is little research on the use of 
strength training in COPD patients. However, many studies 
have been done on the effects of strength training on 
populations affected with heart disease. The symptoms of 
someone affected by heart disease, despite the difference in 
pathology, can be very similar to those symptoms experienced 
by someone with COPD, such as shortness of breath and limited 
physical working capacity.
McCartney et al. (1991) studied a group of 18 men with 
coronary artery disease on the effects of aerobic training 
alone and strength training combined with aerobic training. 
Measurements of strength included a 1 repetition maximum (RM) 
of an arm curl, leg press and leg extension. The aerobic 
group increased by 13% (arm curl), 4% (leg press) and 5%
(knee extension), whereas, the combined group increased 43% 
(arm curl), 21% (leg press), and 24% (knee extension). 
Muscular endurance was also found to increase in both groups. 
The aerobic group could lift the initial maximum workload 
that could be lifted one time, 4 times at the end of the 
training program; whereas, the combined group could lift the 
initial workload 14 times. The aerobic component was 
measured by a maximal progressive cycle ergometer power
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output test, which increased 2% in the aerobic group (1,088 
to 1,113 kpm/min) and by 15% (1,030 to 1,180 kpm/min) in the 
combination group. It was indicated that patients with CAD 
could increase their aerobic capacity and strength more from 
combined program of strength and aerobic training, than from 
aerobic training alone (McCartney, McKelvie, Haslam, Jones, 
1991). It is possible, given some similarities in symptoms 
in heart disease and COPD, that similar improvements could be 
accomplished in a COPD population if the training program 
were similar.
Another strength training study was performed on a 
population with cardiac disease by Kelemen, Stewart,
Gillilan, Ewart Valenti, Manley & Keleman (1986). According 
to this study, low level circuit weight training (40% of IRM) 
was tolerated by the patients. Even though it was low level 
weight training, there was still a significant improvement 
with an average strength gain of 24% and a 12% increase in 
time to exhaustion on a standard Bruce treadmill test.
Even though these testing populations that are affected 
with heart disease are not experiencing the identical 
symptoms that a COPD patient experiences, their symptoms are 
still much the same and the testing protocols were almost
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identical to those used in the COPD literature. Therefore, 
it is reasonable to expect similar outcomes in someone 
affected by COPD undergoing the same training and testing 
procedures.
In summary, COPD is an extremely debilitating condition 
in which disabling symptoms such as breathlessness severely 
impair functional capacity and quality of life. Oftentimes 
the COPD patient is faced with a very pessimistic attitude by 
the medical profession in which they are given very little 
encouragement as far as recovery is concerned, and is 
directed towards the physician writing medical prescriptions 
(Reis, 1990). In the United States in the 1980's, COPD 
accounted for approximately 4% of all deaths and ranked as 
the fifth leading cause of death (Reis, 1990) However, with 
exercise training, it has been found that both psychological 
and physiological benefits take place, such as improved 
exercise tolerance and endurance, decrease in ventilatory 
demand for a given workload, increased motivation, 
desensitization to dyspnea, and a reduction in the number of 
hospital days (Reis, 1990, 1994) . Exercise training is 
considered one of the most vital components in a pulmonary 
rehabilitation program, and is the most important element in
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improving the ability to perform an activity and increase 
tolerance to the subjective symptom of dyspnea (Reis, 1990).
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CHAPTER 3
METHODS
SUBJECTS
Eight (8) individuals who were participating in the 
Silver-N-Spry Exercise Program, sponsored by the Nevada 
Chapter of the American Lung Association, volunteered for 
this study. Subjects were 7 females and 1 male, with a mean 
age of 72.5 years (sd= 6.0). Descriptive characteristics of 
the subjects are presented in Table 1. Subjects were 
informed of the purpose and requirements of the study and 
read and signed an informed consent form (Appendix C) and a 
Par-Q Questionnaire (Appendix E) . Six out of the eight 
subjects were diagnosed with COPD. The two subjects not 
diagnosed with COPD did have breathing difficulties and 
therefore were participating in the exercise program. The 
subjects with COPD were not instructed prior to the testing 
session to refrain from using any bronchodilator medications. 
Prescribed medications were noted if heart rate response to
29
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exercise were to be altered.
PROCEDURE
The training program consisted of two one-hour sessions 
per week for eight weeks. The program consisted of the 
standard exercises contained within the Silver-N-Spry 
exercise program, such as warm up and stretching exercises 
for the head, neck, upper and lower body (i.e. shoulders, 
arms, diaphragm, abdomen, back, legs, feet and ankles), and 
rhythmic aerobic exercises for the lower body (i.e. legs, 
feet, ankles, arms and shoulders) (see Appendix D for 
exercise program) . Two new components were also added to the 
existing program, an extended walking portion which increased 
in duration every one to two weeks (See Appendix E for 
schedule) and a strength component performed with rubber 
surgical tubing.
Subjects were tested for strength and cardiovascular 
endurance before and after the 8-week training program and 
every other week during the program. Pre and post-tests 
included a step test and a modified strength test (Amunsen, 
DeVahl & Ellingham, 1989, Osness, Adrian, Clark, Goeger,
Raab, Wiswell, 19 90) . The step test is an efficient and
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Table 1: Subject CharacterisCica
Subj ect Age Height Vital
Capacity
o4 153 . 5cn\ 1 5 0 0 C C
2 75 17 4  . 7cti 2 2 5 0 C C
3 74 1 5 7 . 0  cti n./a
83 15 5.2 Gti 1 4 5 0 C C
5 57 1 5 4 . 8 c n S Q O c c
5 75 1 5 1 . 7  c m 4 0 0 c c
7 73 1 5 3 . 0 c m I S O O c c
8 70 153 .0cm 1 8 5 0 C C
(se) 73 (2) l S l c m ( 3 ) 1 4 0 7 C C (300)
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inexpensive method that estimates maximal aerobic power that 
begins with level stepping on the ground and progresses to 
stepping on an eight inch step (Amundsen et al., 1989). The 
grip strength evaluation, and a 6-minute walJc test were done 
on a bi-weekly basis (Butland, Pang, Gross, Woodcock &
Geddes, 1982) .
The entire step test was given from an instructional 
audio tape that consisted of the appropriate pacing (i.e. 
pacing for level stepping on the ground, 20 steps/minute and 
30 steps/minute) and the precise times in which to take a 
heart rate at each level (Amundsen et al, 1989). Before 
beginning the test, instructions on the testing procedure and 
the reading of the RPE scale were given (see Appendix G for 
Borg's scale of Dyspnea Rating of Perceived Exertion) (Borg, 
1982). Heart rate was measured using a Vantage Heart Rate 
Monitor. Resting heart rate was recorded to use as a 
reference to compare how much heart rate increased during the 
test.
The step test consisted of three levels, which were 
each three minutes in duration, and a one-minute practice 
period. Each of the three levels and the practice period 
were followed by a one-minute rest period. The test was
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designed to increase the energy expenditure at every level 
(i.e. 2 mets, 3 mets, and 4 mets) .
The first stage consisted of level stepping on the 
ground (i.e. one step forward and one step back). Stage two 
involved stepping up and down on an 8" platform at a stepping 
frequency of 20 steps/minute. The third stage consisted of 
stepping up and down on an 8" platform at a frequency of 30 
steps/minute. During each level, heart rate was measured 
and recorded at the first and second minute as indicated by 
the instructional tape. Additional heart rates were also 
taken at 2.5 and 3 minutes. The subj ect was asked to 
progress to the next level only if he or she had not reached 
a certain percentage of their age-predicted max heart rate as 
specified by the tape. The subject was instructed to stop 
the test at any sign of discomfort (i.e. muscle/joint pain, 
chest pain, nausea, or dizziness). In the event that the 
subject reached the specified percentage of the age-predicted 
max heart rate, the test was terminated. The time the test 
was stopped and the reason for termination were noted. After 
completing the test, the subject was seated in a chair and 
instructed to do a paddling motion with the feet in order to 
avoid venous pooling of the lower extremities. The paddling
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motion, was continued until the heart rate was under 100 bpm. 
The participant was carefully observed for any abnormal signs 
during this period (Amundsen et al., 1989).
The muscular strength/endurance test was that described 
by Osness et al. (1990) for AAHPERD. The test was modified 
in that a 5 pound weight was used for both males and females 
because of the breathing difficulties that accompany upper 
extremity activities. The subject's arm was supported, and 
the dumbbell curls performed in one minute were counted. The 
subject was seated in a folding chair and was instructed to 
sit as straight as possible with the back against the chair 
and feet flat on the floor with the non-dominant hand resting 
in his or her lap and the dominant arm hanging in the 
extended position. The test administrator stood to the side 
of the dominant arm with one hand placed on the subject ' s 
bicep; the other hand supporting the dumbbell. The subject 
was given one practice trial. When the test administrator 
stopped supporting the dumbbell, the subject was instructed 
to contract bicep until the forearm touched the hand of the 
test administrator resting on the bicep. This was counted as 
one repetition. If the subject was unable to perform one 
repetition, the test was terminated with a score of zero. If
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the subject was able to go through the full range of motion 
during the practice trial, the test was continued. The 
subject was given a brief rest period of approximately one 
minute before beginning the test. The subject was instructed
to perform as many contractions as possible within a one-
minute period.
The other two tests (grip strength and 6-minute walk 
test) were performed every other week throughout the eight 
week training program. The grip strength test was performed 
with a hand grip dynamometer. The subject was instructed to 
squeeze the strength dynamometer as hard as possible with the 
dominant hand. Each subject was given two trials and the 
highest score was recorded.
Prior to the 6-minute walk test, the dimensions of the
room (one time around was equal to 39.62 meters) were 
measured. The room was then divided into four equal parts 
and a folding chair was placed along the wall at each of 
these four parts. The subjects were encouraged to walk as 
far as they could in the 6-minute period but were allowed to 
stop at one of the chairs to rest if necessary. The time and 
number of stops were recorded for each subject.
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The subjects were tested before and after the 8-week 
period on an individual basis and data were recorded on the 
appropriate data sheets. The 6-minute walk test and the grip 
strength data were analyzed by using a One-Way Repeated 
Measures ANOVA. The pre- and post-test bicep curl data was 
analyzed using a Dependent T-Test. The step test data were 
analyzed using a 3 (level) by 2 (time) Factorial ANOVA with 
repeated measures on both factors. If a significant 
difference was noted, it was followed up with a Tukey's HSD 
Test.
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RESULTS
Ten subjects originally volunteered for the study, and 
eight completed all the testing. One subject dropped out due 
to musculoskeletal problems and the another due to 
exacerbation of the pulmonary disease. Subjects were tested 
on a bi-weekly basis for the six-minute walk and grip 
strength. Data were obtained before and after the training 
period for the step test and the bicep curl test. One 
subject's step-test data was excluded because the subject 
needed a dose of Ventolin to alleviate breathing 
difficulties, which significantly altered the heart rate 
response.
Attendance at the scheduled exercise sessions was 
fairly regular. The subjects averaged a mean of 11 visits 
out of the 15 scheduled sessions (69%, SD=2.62, range : 8-15) .
The results of the bicep curl strength test are shown 
in Table 2 (see Figure 1 for graph of pre- and post-test
37
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repetitions) . Subjects increased by an average of 12 reps 
from pre to post treatment (t=4.14, p<0.01).
In the step test, a significant decrease in heart rate 
at each of the three levels was noted between pre and post­
test (p<.05, f=17.S6) (Table 3 & Figure 2). In addition, 
four of the eight subjects were able to complete a longer 
time period in the post-test (Table 4) . It was also noted 
that two of the subjects were able to reach level 3, which 
they were unable to do in the pre-test.
The results of the 6-minute walk distance (laps 
performed) are shown in Table 6. The distance was measured 
in number of laps (one time around equaled 39.62 meters) . A 
significant difference was found between bi-weekly 
measurements when a multiple comparisons Tukey's HSD Test was 
done (p<.05) . However, there was no general trend in the 
data. As indicated by Figure 3, the most significant 
improvement took place between the initial and the 2-week 
test. The explanation for this increase is most likely due 
to the fact that subject 5, who did 5 laps consistently in 
the other three tests, did not participate in the 6-minute 
walk test on week 2. Therefore, there was a greater increase 
in the mean number of laps walked in 6-minutes during the
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second week. Performance declined between weeks 2 and 4 for 
this same reason. Overall, subjects were able to increase 
their walking distance 1/2 lap after 8 weeks of training 
(F3,2o= 147.12; p>. 05) .
The results of the grip strength measurements are 
presented in Table 7. No significant change was noted in 
grip strength as a result of the training program (Fj 20=1 -47, 
p < . 05) .
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1 Table 2: Biceps Curl Strength. Test
(repetitions performed)
Subj ect Pre-Test Post-Test Difference
15 34 15
2 13 23 5
3 14 24 10
IS 21 2
c 13 23 8
3 22 29 7
7 15 4 0 2 5
S 13 37 IS
Mean ^ (se) 17(1) 29 (3 ) 12 (3)
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1 Table 3 : Hea rt Rates (step test)
Rest: ng HR Level 1 Level 2 Level 3
Sub j Pre Post Pre Post Pre Pos t Pre Post !
i
1 83 52 93 73 10 9 95 12 9 1131
! 2 90 33 101 S3 120 105 - 117 i
3 3 3 103 3 3 103 10 9 125 - -
4 62 73 33 85 112 107 - 115 !
i
5 83 95 107 107 123 119 - -
6 91 - 110 107 115 117 - -
I S2 58 37 73 104 93 120 104
3 34 - 92 73 103 89 121 53
Mean S3 7 3 97 o 7 112 104 12 3 111
(se)
(4) (5) (3) (5) (3) (4) (3) (4)
* Subject's data not included in statistical analysis
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(
i Tabla 4: Step Test Time (minutes) |
1 Sub]act Pre Post !
I
1 Q 9 j
2 5 8
i 3 s 6 I
s 3 I
5 4 5 j
o 4 s 1
7 9 9 1
3 9 8
Mean - (se) 7(1) a (I)
♦ Subject's data not included in statistical analysis.
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i Table 5: 3crg Dyspnea Scale Ratings (step test)
Level 1 Level 2 Level 3
SU3J. Pre Pos t Pre Post Pre Post
I 0 0 0 0 0 0
2 . 5 0 7 2 - *4 1
3 0 c 3 . 5 - -
4 2 c a .5 - 2
5 2 2 4 4 - -
5 2 2 3 3 - -
7 2 . 5 5 2 7 5
S . 5 0 5 .5 5 2 1
Mean- 5 2 3
(se) {.3} ( .4) (1) (.6) (2) ( .9)
♦ Subject's data not included in statistical analysis.
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Table 6: Results of the Six Minute Walk Test 
(laps Performed)
Subj ect Test 1 Test 2 Test 3 Test 4
1 9.25 11.00 9.00 11.25
2 6 .50 8.33 6.50 7.75
3 8.00 9.00 a .00 7 . 50
4 8 . 75 9 . 50 3 .75 3 . 50
5 5 . 00 n/a 5.00 5.00
6 7.00 7.90 7.65 7.50
7 9.25 10.50 9 .25 8 .50
8 6.50 a . 50 8 . 00 8 .25
Mean ±  
(se)
7.53 
(0.54)
9 . 24 
(C.44)
7. 77
(0.50)
8 . 03 
(0.61)
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Table 7: Grip Strength (kilograais)
Subj ect Test 1 Test 2 Test 3 Test 4
1 21 20 21 r./a
2 23 35 23 31
3 IS 14 IS 15
4 Is Is IS 20
5 25 n/a 25 r./a
6 27 40 27 30
1 27 25 27 31
8 22 25 22 22
Mean-t 22 25 22 25
(se) (2) (4) (2) (3)----— --- :-- -
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CHAPTER 5
DISCUSSION
Chronic obstructive pulmonary disease is an extremely 
debilitating condition that results from respiratory 
insufficiency. Due to the functional loss of respiratory gas 
exchange, patients tend to develop a more sedentary life­
style that results in less and less physical activity and 
eventually leaves them unable to perform the simplest 
activities of daily living.
This study demonstrated that upper and lower extremity 
exercise training plays a very important role (i.e. increase 
in strength and cardiovascular endurance) in patients 
affected with chronic obstructive pulmonary disease. It was 
found that upper and lower extremity (i.e. upper extremity 
exercise, strength-work and walking) improved exercise 
endurance and strength as measured by the bench-step test 
(i.e. decrease in exercise heart rate at each of the three 
levels between pre- and post-test) 6-minute walk distance,
49
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(i.e. increase in the distance walked) and the bicep-curl 
strength test (i.e. increase in the number of repetitions 
performed).
This study used a COPD exercise class in Las Vegas, 
Nevada which included a warm-up, an aerobic component (done 
while seated in chairs) , low repetition muscle isolation work 
(low resistance, low repetition muscle training on specific 
muscle groups used to increase or maintain strength) , and a 
cool-down. In addition to the class components, an extended 
walking portion and upper-ext remit y muscle strength work was 
added.
The majority of the aerobic component in this exercise 
class was done seated in chairs and the remainder of this 
portion of the class was done standing, using the chair for 
support or walking around the facility. However, the 
exercises performed utilized large muscle groups (i.e. arms, 
legs, trunk) and this particular section of the class was 
approximately 25 minutes in duration.
The majority of the literature on chronic obstructive 
pulmonary disease has examined exercise programs involving 
the lower extremities (Carter et al., 1988; Swerts et al., 
1990a; Punzal et al., 1991). This is probably because
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walking is a vital component to a person's activities of 
daily living, and activities involving the upper body are not 
as readily used. However, the literature reports studies 
that focus on training programs that include either upper or 
lower extremity training, but usually not a combination of 
both types of training. This study examined the effects of 
both types of training, an upper body strengthening as well 
as lower extremity exercise training on strength and exercise 
endurance.
As hypothesized by others (Cockcroft et al.,1981 
Chester, Belman, Bahler, 1977), both exercise tolerance and 
endurance did improve after participating in a lower- 
extremity exercise program (i.e. cycle ergometry, treadmill 
walking, or a walking program) . In the present study, a 
significant improvement was found in the 6-minute walk 
distance. Although there was not a consistent trend in the 
improvement, overall the subjects increased their walking 
distance by 1/2 lap after the 8-week training program (Figure 
3) . Dugan, et al. (1995) showed a significant improvement in 
distance walked around a measured track in 6-minutes after 9- 
weeks of training. Reardon, Awad, Normadin, Vale, Clark & 
Zuwallack (1994) and Belman (1995) also found an improvement
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in exercise endurance after completing a pulmonary 
rehabilitation program. Belman (1993) showed that without 
emphasis being placed on "exercise intensity" (cycling, 
treadmill, and lifting weights), that exercise endurance 
could still improve even if subjects chose their own exercise 
level (cycle ergometer endurance increased from 129.5 to 
726.1 W/min).
There have also been studies comparing improvements in 
exercise endurance with non-exercised control groups. Belman 
(1993) found a significant improvement after 6 months in the 
treated group as measured by treadmill walking (treated 
group: 23 minutes; control group: 12 minutes). Cockcroft
et al. (1981) studied 3 9 male patients diagnosed with COPD 
and coal workers pneumoconiosis. The exercise group 
increased their 12-minute walk distance by 23%, whereas, the 
control group only increased their 12-minute walk distance by 
8%. McGavin, Gupta & McHardy (1976) also reported a 
significant increase in the 12-minute walk distance. Twenty- 
eight patients were randomly assigned to a 3-month 
unsupervised stair-climbing home exercise program or to a 
non-exercise control group. The 12-minute walk distance 
increased by 6% in the exercise group and decreased by 2% in
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the control group. Even though our study did not include a 
control group, these studies provide evidence that a 
cardiovascular training effect is possible even in patients 
with severe COPD by comparing them to a non-exercise control 
group.
The studies that have examined the effects of upper- 
extremity exercise found results that were similar to this 
study in that the outcome was task-specific to the muscle 
groups trained. Reis et al. (1988) evaluated the effects of 
a 6-week upper-extremity training program in which 45 
patients were randomly assigned to one of three groups (i.e. 
gravity resistance upper-extremity training, modified 
proprioreceptive neuromuscular facilitation or a control 
group) . Both the gravity resistance and the proprioreceptive 
neuromuscular facilitation showed improvement on the tests 
that were similar to the training performed (i.e. number of 
arm-lifts in one minute while holding a free weight for both 
shoulder flexion and shoulder abduction; maximal level 
completed and endurance on isokinetic arm cycle) . Lake, 
Henderson, Briffa, Openshaw & Musk (1990) also showed task- 
specific changes in six COPD patients which were assigned to 
the upper-limb exercise group. After 8-weeks of training
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with a circuit of upper-limb exercises (i.e. arm cycle 
ergometry with varying resistance, throwing a ball against a 
wall with arms above horizontal, passing a bean-bag over the 
head, pulling on ropes and pulleys, accuracy game in which 
arms were above horizontal and a ring was moved across wire 
without touching wire), significant improvement was found in 
the maximum workload achieved on the arm ergometer.
There have been no studies that have used the bench- 
step test to measure exercise endurance. The bench-step test 
is a very functional test in that it uses many of the same 
muscles that are involved in the activities of daily living. 
In the present study, this test suggested that even though 
the increase in time between the pre and post step-test did 
not reach statistical significance, there was still a 
significant increase in cardiovascular endurance in the COPD 
patients as a result of the exercise program (i.e. decreased 
heart rate for a specific workload and an increase in 
stepping time) (F=80.66, p<.05). Due to the highly 
progressive nature of this disease, even marginal gains (i.e. 
stepping time) are quite significant, and the fact remains 
that there was no deterioration in cardiovascular endurance 
in this study.
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The accessory muscles used for respiration, such as the 
internal and external intercostal muscles and the pectoralis 
minor, are the same muscles used in upper-extremity 
activities (i.e. window-washing and brushing the hair).
Tasks involving the upper-extremities usually result in 
excessive shortness of breath in the COPD patient (Reis et 
al., 1988) . According to Make (1991), Celli and associates 
have shown that diaphragm dysfunction occurs much earlier 
during arm exercise than with leg exercise. COPD is 
associated with hyperinflation of the lungs, flattened 
diaphragm, and a decrease in the strength of the diaphragm. 
All these factors place an additional burden on the already 
stressed accessory muscles in the shoulder girdle that assist 
in both respiration as well as various upper extremity 
activities (Make, 1991). In this study, the bicep-curl 
strength test showed an average increase of 12-repetitions 
from pre to post-test (Table 2). The increase in bicep-curl 
repetitions is indicative of an upper-extremity strength 
gain. The improvement shown as a result of this particular 
upper-extremity exercise program done with surgical tubing 
would suggest that this is an inexpensive and efficient
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method of providing the COPD patient with the strength gains 
necessary to perform upper-extremity activities (i.e. window- 
washing and brushing the hair) with greater ease.
The majority of the exercise programs have emphasized 
lower-extremity training, and until recently upper-extremity 
training has been neglected or not done at all. Martinez, 
Vogel, Dupont, Stanopoulos, Gray & Beamis (1993) examined the 
effects of supported arm-exercise (i.e. upper-extremity 
ergometry) versus unsupported-arm exercise (i.e. 5 exercises 
with a weighted dowel including shoulder flexion/extension in 
conjunction with elbow flexion/extension; isolated elbow 
flexion/extension; horizontal abduction/adduction; and 
shoulder circles). It was found that there was a greater 
improvement in dowel testing (i.e. shoulder
flexion/extension) in the unsupported-arm exercise group. The 
results found by Martinez et al. (1993) and the present study 
may be of greater clinical significance, in that 
"unsupported" arm exercise more accurately simulates 
activities of daily living than "supported" arm exercise.
The findings suggest that improvements in strength will allow 
patients to perform activities of daily living with less 
respiratory distress.
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Performance on the grip strength test did not 
significantly change as a result of the 8-week strength 
training program (Table 7). Grip strength is a measurement 
of static strength used as an indicator of overall body 
strength (Eckert, 1974) . Static strength is defined as the 
"maximum effective force" that can be applied only once to a 
fixed object by a person in a standard immobile position" 
(Kirkendall, Gruber, and Johnson, 1980). Therefore, the 
failure of grip strength to improve in this study may have 
occurred because the upper-extremity strength training 
program was dynamic in nature and did not utilize the muscles 
involved in grip-strength. Martinez et al. (1993) and Reis 
et al. (1988) found that no cross-over benefits in training, 
such as supported arm exercise (i.e. arm ergometer) carrying 
over into activities involving unsupported arm exercise (i.e. 
raising of dowel), took place in COPD patients. It was found 
that improvements in performance were specific to the muscle 
groups trained (Reis et al, 1988, Martinez et al., 1993).
The compliance to this program was fairly good (i.e. 
average 69% attendance rate to scheduled sessions). However, 
due to the highly variable nature of COPD, there are 
unexpected exacerbations and patients cannot always adhere to
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a daily schedule of various activities that they have 
scheduled throughout the day. This was the case in this 
study: Subject 5, as shown by the data (i.e. laps performed 
in the 6-minute walk test) , had severely impaired 
cardiovascular endurance as well as a lower vital capacity 
when compared to the other subjects. Subject 5 did not 
participate in the second or fourth trial of the grip- 
strength test or the second testing trial of the six-minute 
walk test. The increase in the number of laps walked in the 
second trial of the six-minute walk test is more than likely 
due to the fact that this subject did not participate in this 
trial. However, the data of subject 5 was still included in 
the statistical analysis because it was representative of the 
COPD population.
This study demonstrates that improved exercise 
tolerance and upper-body strength can occur as a result of a 
short-term training program in patients with COPD. More 
important, the subjects were already currently participating 
in an exercise program (i.e. Silver-N-Spry, sponsored by the 
American Lung Association) , and the changes that occurred 
were above and beyond those changes that may have occurred 
initially. This suggests that the subjects may have actually
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improved their physical work capacity more than was measured 
in this study. When the changes that took place in this 
study are observed from a practical perspective (i.e. 
improvements in upper body strength and exercise tolerance), 
it may indicate that a person affected with COPD can live a 
more independent life-style as a result of a strength and 
conditioning program.
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DAIS: 15 Decamer 1593
This .TEncrandira is official notification that the protocol for the project refsreirred above 
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If you have any questions or require any assistance, please contact Sally Hamilton at the 
Cffice of F.esearcn Accinistration (x-1357).
Office of Researcn ACmmistration 
4505 .viofyiand Parkway • Sox 451037 • Las Vegas. Mevaca 39; 34-103/ 
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NECK : 
(4)
(4)
(4)
(4)
Repeat:
EXERCISE PRCX3RAM
Inhale look co right and exhale, look center, 
to the left.
Inhale, put chin on chest; erchale, look center. 
Inhale, put right ear on right shoulder; exhale, 
bring head center. Repeat on left.
Inhale, right ear on right shoulder; exhale roll head 
forward in front of body to opposite shoulder; cake 
head straight across top of shoulders until head is 
center.
Repeat on left.
SHOULDERS & ARMS:
(8)
(4)
(4)
(8 )
(8)
(2)
(1)
Circle the shoulders backwards. Reverse directions. 
Inhale, squeeze right shoulder up; eichale and relax 
shoulder. Repeat on left.
Inhale, squeeze both shoulders up (fingers make 
fist); ezchale relaie shoulders.
Circle both arms backwards. Reverse directions. 
Circle one arm forward, followed by the other arm 
(i.e swimming motion). Reverse directions (normal 
breathing pattern).
Bring right arm straight across chest; use opposite 
arm to pull arm into chest. Repeat on left.
Raise right arm above head, bend elbow so hand is 
behind back. Bring other arm straight across head 
until you grab the other elbow and pull elbow close 
to head. Repeat on left.
Raise right arm straight in front (seated in chair), 
just moving the torso, take the arm all the way to 
the back and hold stretch (normal breathing pattern). 
Repeat on left.
BACK & ABDOMINALS:
(4) Seated in chair, inhale, roll forward so chest is
resting on tops of legs; exhale rolling up very
slowly one vertebrate at a time, leaving the head and
neck until last.
(4) Seated in chair, press small of back to the rear of 
chair while contracting abdominals.
WAIST;
(4) Inhale, reach right hand up (hold stretch; should
CHEST : 
(4)
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feel screech in waisc); exhale bring arm slowly back 
down CO side.
Repeat on left.
(2) Put both hands on the outside of the right leg,
inhale, turn head and torso towards the back wall; 
exhale, and face front wall.
Repeat on left.
(2) Cross hands, rest on knees. Inhale, look towards 
back wall; exhale, face forward.
Repeat twice both directions.
LEGS :
(8) Inhale, flex right foot (bring foot close to body); 
exhale
and point toe.
Repeat on left.
(8) Circle right foot clockwise; circle foot 
counterclockwise.
Repeat on left.
(2) Lift right knee up to chest, support behind right 
knee and pull into chest (hold stretch; normal 
breaching pattern).
Repeat on left.
(4) Seated in chair (grip underneath on sides), inhale, 
extending the legs straight out in front (contract 
abdominal and buttock muscles ; e:chale, bring legs 
down to resting position.
(8) Seated in chair, raise legs straight out front. Add
scissor kicks (normal breathing pattern),
(8) Seated in chair, tap heel out in front (alternating 
legs)
(8) Seated in chair, tap heel to side (alternating legs) .
Can add arms.
(8) Bring Jcnee into chest, bring that leg down and bring
other Jcnee into chest (looks like an exaggerated
march),
(4) Lift right Jcnee up towards chest, touch left elbow to 
right Jcnee. Repeat on left.
*** The walking portion of class takes place at this point 
(see Appendix C for walking schedule) .
AEROBIC PORTION OF CLASS :
Get up slowly, stand behind chair. Put feet approximately 
shoulder -width apart, legs should be relaxed (knees slightly 
bent).
(4) Put arms straight down at sides. Inhale, let arm 
travel
straight down leg; exhale, and come slowly up to 
center.
Repeat on other side.
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Repeat on other side.
(4) Put one arm straight above head, other arm at side. 
Lean towards arm that is at side (inhale while 
bending towards side; exhale while coming up to 
upright position). While coming up to upright 
position, alternate arms so the other arm is straight 
above head and other arm is by side.
(4) Calf Raises: Inhale, Come up onto toes; e:chale, bring 
heels down and raise toes.
(4) Hamstring curls: Standing, on left leg, inhale, bring 
the right heel to the gluteals (keep leg you are 
lifting close to leg on floor); exhale, bring leg to 
floor.
Repeat on left.
(4) Straight leg lifts (to the back): Standing on left
leg (use the back of chair for support), inhale,
bring right leg straight up in back; e;<hale, bring 
leg back down to ground.
Repeat on left.
(4) Straight leg lifts (to the side): Standing on left
leg, inhale, bring right leg straight up to side;
exhale bring leg back down to floor.
Repeat on left.
(8) Squats: Put feet shoulder width apart (keep back 
straight), inhale, bend knees slowly; exhale, and 
slowly return to standing position.
(8) Knee Raises: Standing on left leg, inhale, bring 
right Jcnee up; e:chale, rotate to side (keep Jcnee 
bent), then bring forward to front.
Repeat on left.
(8) Standing behind chair, touch heel to side (can add 
arms) .
Take 10 second pulse, before sitting down.
MUSCLE ISOLATION WORK:
(8) Bicep Curls: Put arms straight down at sides.
Inhale, bend elbows, and bring forearm to upper arms 
(use internal resistance); exhale, relax arms slowly 
to side.
(3) Triceps: Lift arms straight out front, clasp hands
together. Inhale, bend elbows and bring hands into 
face.
(8) Extend arms straight-out at sides, just moving hands 
and forearms like jopening a door.
(4) Overhead press: Bend elbows with palms flat at 
shoulder level. Exhale, as you push palms slowly up 
into air while straightening elbow.
COOL DOWN:
(1) Bring right arm straight across chest, bring left arm
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left.
(1) Raise right arm up to ceiling, bend elbow and drop 
hand behind back (like scratching back) , bring left 
arm straight across top of head and pull right elbow 
close CO head.
(4) Put hands on shoulders and circle elbows in both 
directions.
(4) Circle both shoulders. Reverse directions.
(4) Put feet together, bring toes up to nose and hold. 
Relax and point toes.
(2) Inhale, while slowly stretching arms above head; 
exhale and bring arms slowly back down to side.
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WALKING PROGRAM
WEEK DU?_ATION PER SESSION
1 5 Minutes
2 7.5 Minutes
3 7.5 Minutes
4 10 Minutes
5 12.5 Minutes
o 12.5 Minutes
7 15 Minutes
8 15 Minutes
NOTE: This walking schedule was done for the specified time
each week (one lao was 39.62 meters).
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“TEST 1" Comparison of prc & post-test means for “REPS’
N Obs Variable x Mean SCd Error
3 PRE 8 17.0000000 0.9636241
POST 8 23.8750000 2.5734739
Analysis Variable : DIFF
N Obs N Mean Std Error T ProbXTI
8 8 -11.8750000 2.3637821 -4.1393872 -0.0044.
Subjects did a significantly higher number of REPS in the post test (t=-4.14; p<05)
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FIGURE 5: ANOVA - STEP TEST COMPARISON 
OF PRE- & POST-TEST 
TIME AND LEVEL
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APPENDIX X
FIGURE 6: ANOVA AND TUKEY'S TEST - SIX MINUTE WALK DISTANCE
&
COMPARISON OF THE FOUR TEST PERIODS
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source
3UBJ
TEST
SUOJ'TEST 
CorrecLed Total
Tests of Hypotheses
Source
Analysis of Variance Procedure
Anova SS Mean Square r ValueOF
7
2
:o
52.53034577 
5039914: 
2.57545853 
20 33439677
8.35864954
4.23:95381
0.02877293
83
Pr > F
:ir.g the Anova XS for SSBw'TEST as an error term
OF .Anova S3 .Mean Square F Value Pr > F
2 5-33914: <.22296231 147.12 O.OOCl
Tukey's Studentized Range (HSO) Test for variable : SCORE
XCTE : This test controls the type I experi.mentwise error rate.
Alpha= 0.03 Canficsnce= 0.95 if= 20 MSE= 0.023773 
Critical Value of Studer.tited Range= 3.953
Comparisons signi fleant at the 0. 05 level are indicated by
Simultaneous Simultaneous
lower Cifference Cpper
TEST Confidence Between Confidence
Comparison li.mit .Means Limit
2 - 4 0.5702 1.2139 1.4516
2 - 3 1.22C2 1.4755 1.7216
2 - 1 1.47 0: 1.7159 1.9515
4 - 2 -1.4515 -1.2155 -0.9702 « « «
4 - 2 V . V 6 a. s 0.2500 0.4374 * *
4 - 1 0.:525 0.5000 0.7374
2 - 2 -1.7215 -1.4759 -1.2302 e « e
2 - 4 - 2.45~4 -0.250C -0.0225
3 - 1 0.00:5 ■0.2 4 30 0.4774
1 - 2 -1.9515 -1.7153 -1.4702 • • •
1 - 4 -0.7274 -C.50C0 -0.2526 • • •
- 2 .4-74 -0.:400 -0 .0025 • « •
Results of o n c - » v a y  repeated measures AiN'OV'A
Tlic ANOVA indicates a signillconl Jillcrcnccbetween groups(F,^  = 147.12, p<.05).
Tlic multiple eoinparisuns test (Tukey's HSD test) indicates signitlconi dillerenees (a = .05) between all pairs of means. 
I lowever. note tlie lack of a trend in the data.
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8 4
“T E S T  Comparison o f four test periods (T E S T l - T E S T 4 ). Dv “  “ n um ber o f laps”
Anal/313 Variable : laos
los :: Mean 3 in £r;
2 : 7.521250C C.541c;
TÎS7=2
lbs :*■ Mean Sin Error
: r._n._nfc5 -.iu3r_30
Mean Sin Error
".7712500 0.5011545
T£ST=4
X Obs X Mean Sib Error
2 Î 3.0312500 0.5075342
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APPENDIX XI
FIGURE 7 : ANOVA - GRIP STRENGTH
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“TEST J" Gnu(iarUon »f fuur tcjt perimli fTESTl - TEST4). Qv ■ “grip itfengdi (kg)“
A.-.al/a-.i VariiSle : grip airangrn (’<g)
X Zts >1 Mear. Ssb Err r
i i ::.::iocoo 5402:91
Zzz X Mean Sii Err::
: T :4.54:35:: 3 .5:3350?
.X C5J X Mean Sib
3 a ::.::*oooQ 1.54
TES-r»4
X C53 X Mean S:b Srrar
3 5 2-4.7500000 2.7439327
Oezenben: Variable : On: iirengin ( :<g;
Source ZT Ar.c-/a S3 Mean Square " Value ?r > T
Sv3w 7 3 :9 . 105503-4 117.0150352
TEST 3 47.31C950Ô 15.7703202
SUaC'TZST 13 192.3755394 10.7153533
Tercr of H'/oocneser uri.-.g :be Anova MS for SU3J*Tî3T as an error cerm
S-rurce ’ cr Anova SS Mean Square T Value ?r > ?
TS3T 3 47.313050S9 IS.77032020 1.47 0.2557
Rcsulij uf iiiic-*ray repeated n ieajurci A N O V A
riic a n o v a indicaica no jigniilcant diJercncc between jroupj (T,., • 1 47. p> 05)
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A P P E N D IX  X I I
INDIVIDUAL DATA
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Results of 6-Minute Walk Test & Grip Strength
Subject: 1
6-Minute Walk Tes
Tes Test 3 TesTes
Nusiber of 
Stops
Grip Strength. Tes
n/aTrial 21k
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Subject: 1
Résulta of the Step Test
89
Step Test Pre-Test Post-Test
Tiaie ( in 
minutes)
Heart Rate RPE Heart Rate RPE
LEViL 1
1 MIN. 91 0 73 0
2 MIN. 93 0 79 0
2.5 MIN. 93 0 62 0
3 MIN. 94 0 74 0
LEVEL 2
1 MIN. 105 0 91 0
2 MIN. 109 0 93 0
2.5 MIN. 111 0 57 0
3 MIN. 112 0 53 C
LEVEL 3
1 MIN. 119 0 102 0
2 MIN. 123 0 113 0
2.5 MIN. 132 0 126 0
3 MIN. 135 0 129 0
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Reaulcs of S-Minuca Walk Teac &. Grip Strengch
Subject:: 2
S-Minute Walk Test
Test 1 Test 2 Test 3 Test 4
Nuaiber of 
Laps
6.5 8.33 6.5 7.75
Number of 
Stops
0 0 0 0
Grip Strength Test
Trial 23 kg 3 3 kg 23kg 31kg
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Subject: 2
Results of the Step Test
91
Step Test Pre-Test Post-Test
Time (in 
minutes)
Heart Rate RPE Heart Rate RPE
LEVEL 1
1 MIN. 99 .5 85 0
2 MIN. 99 .5 85 0
2.5 MIN. 102 .5 81 0
3 MIN. 104 .5 81 0
LEVEL 2
1 MIN. 112 1 96 .5
2 MIN. 120 3 106 1
2.5 MIN. 125 7 109 2
3 MIN. 124 7 110 2
LEVEL 3
1 MIN. - - 111 3
2 MIN. - - 123 4
2.5 MIN. - - - -
3 MIN. - - - -
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Results of 6 -Minute Walk Test & Grip Strength
Subject: 3
S-Minute Walk Test
T2ST 1 TEST 2 TEST 3 TEST 4
Number of 
Laps
3 c s 7 . 5
Number of 
Stops
2 C - 0 I 
1
Grip Strength Test
Trial ISkg lokg 15 kg
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Subject: 3
93
Results of the Step Test
Step Test Pre-Test Post-Test
Time (in 
minutes)
Heart Rate RPE Heart Rate RPE
LS’/EL 1
1 MIN. 33 0 108 0
2 MIN. 33 0 1C 9 0 1
2.5 MIN. 39 0 ' 107 0
3 MIN. 3 7 0 107 0
LEVEL 2
1 MIN. 100 0 117
2 MIN. 10 9 3 125 .5
2.5 MIN. 111 3 123 . 5
3 MIN. 3 123 _ c
LEVEL 3
1 MIN. - - - -
2 MIN. - - - -
2.5 MIN. - - - -
3 MIN. - - - -
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Results o£ 6-Minute Walk Test & Grip Strength
Subject; 4
6-Minute Walk Test
TEST I TEST 2 TEST 3 TEST 4
Nuatber of 
Laps
a .73 9.5 8 .75 8.5
Number of 
Stops
0 0 0 0
Grip Strength Test
Trial lokg IS kg lokr 2 G kg
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Subject: 4
95
Results of the Step Test
Step Test Pre-Test Post-Test
Time (in 
minutes)
Eeart Rate Heart Rate RPE
1 MIN. 33 2 5 5 0
2 MIN. 39 2 S 5 0
2.5 MIN. 3 3 2 ' 3 5 0
3 MIN, SO 2 37 0
L2V2L 2
1 MIN. 101 S 101 . 5
2 MIN. 111 7 107 .5
2.5 MIN. 116 7 110 .5
3 MIN. 113 7 109
LZ\iL 3
1 MIN. - - 113
2 MIN. - - 119 2 1
2.5 M I N . - - - .
3 MIN. - - - 1
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Results of 6-Minute Walk Test & Grip Strength
Subject: 5
S-Minute Walk Test
! TEST 1 TEST 2 TEST 3 TEST 4
; Mumber of 5 n/a 5
1 Laps 1
Nuaber of ' r./a quit at 1 1
Stops 5 . 45 I
Grip Strength
Trial 25 kg n/a 25kg n/a
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of the copyright owner. Further reproduction prohibited without permission.
Subject: S
97
Results of the Step Test
Step Test Pre-Test Post-Test
Time (in. 
minutes)
Heart Rate RPE Heart Rate RPE
LEVEL 1
1 MIN. 105 2 104
2 MIN. 106 2 106 2
2.5 MIN. 103 2' 109 2
3 MIN. 109 2 109 2
LEVEL 2
1 MIN. 123 4 115 2
2 MIN. - - 123 4
2.5 MIN. - - Itnir. 44sec -
3 MIN. - - - - 1
LEVEL 3
1 MIN. - - - -
2 MIN. - - - -
2.5 MIN. - - - -
3 MIN. - - - -
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Results of -Minute Walk Test & Grip Strength
Subject: 3
S-Minute Walk Test
TZST 1 T3ST 2 TEST 3 TEST 4
N'unber of 
Laps
7 7.9 7.33 7.3
Nuràer of 
Stops
— 0 - 0
Grip Strength Test
Trial 27 kg 4 0 kg 27kg 2 9.5kg
Reproduced with permission of
the copyright owner. Further reproductiou prohibited without permission.
Sun]ect:
99
Results of the Steo Test
It—-------------------------
Step Test Pre- Test Post -Test
Tine (in 
1 minutes)
Heart Rate RP2 Heart Rate RPE
j
LZV2L 2
1 MIN. . 107 0 107 0
i 2 MIN. 110 2 105 0
1
I 2.5 MIN. 1 1 1 2 107 0
1 3 MIN. 110 2 107 0
i
LSVEL 2
1 MIN. 115 3 112 0
2 MIN. Imin 23sec - 117 -
1 2.5 MIN. - - 119 -
3 MIN. - - 120 -
1 LEVEL 3
i 1 MIN. - - -
i
2 MIN. - - - -
2.5 MIN. - - - 1
3 MIN. - - -
. . .  -  1
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Results o£ 5-Miaute Walk Test & Grip Strength
i
Ô-Minute Walk Test
TTST 1 TSST 2 TSST 3 TSST 4
N’uzibar of 
Laps
r . 2 5
i
N’uaber of 
Stops
Q C ] !
Cîrip Strength. i
Trial 27kr j Ixr i
Reproduced with permission
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Resales of che Seep Tesc
1 ■ ■ - - ■ ■
1 Scao Tasc ?re-Iast ?ost-Tast 1
! Tisie (in 
1 minutas)
Heart Hate ?-3H Heart Rate RRZ j
(
Lr/îL 1 j
1 MIN. 3 3 2 73 u
2 MIN. 3 3 2 — ;
2 . S M I N . 37 2
1
3 MIN. 3 3 7 2 3 j
I L2v*2L 2
1 KIN. 97 37
2 KIN. 10 5 2
1 2-5 MIN. 107 5 53 2
3 MIN. 1C7 1 5 3 Z 2 I
1 MIN. 3 3 1
2 MIN. 11? 3 10 3
2-5 MIN. 124 7 5
3 MIN. 123 7 110 5 1
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Results of 6-Minute Walk Test & Grip Strength
Subiect: 3
5 -Minute Walk Test
TSST 1 TSST 2 TSST 3 TSST 4
Mumber of 
Laps
o . 5 3 . 5 - 3.25 i
Mumber of 
Stops
0 0 ;
Grip Strength Test j
Trial 2 2kr 2 3kr 22kg
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Subject: a
1 0 3
Results of the Step Test
Step Test Pre-Test Post-Test
Time (in 
minutes)
Heart Rate RPE Heart Rate RPE
LEVEL 1
1 MIN. 90 . 5 73 0
2 MIN. S3 . 5 81 0
2.5 MIN. 92 .5 79 0
3 MIN. 92 . 5 79 0
LEVEL 2
1 MIN. 99 3 S5 0
2 MIN. 103 4 SO .5
2.5 MIN. 104 5 90 .5
3 MIN. 105 5 91
LEVEL 3
1 MIN. 111 5 95 2
2 MIN. 119 5 100 -
2.5 MIN. 126 5 Imin 45sec -
3 MIN. 126 5 - -
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